Abstract In this contribution we shall present the results about the physics of the top quark by CERN's ATLAS and CMS experiments. After a brief motivation of why it is important to study the top quark at the LHC, we shall discuss the measurement of the production cross sections of top pairs (tt) and single tops. Then, we shall present an overview its properties: mass, flavour-changing neutral currents (FCNC), anomalous / E T , resonances and charge asymmetry. The overall agreement with the Standard Model predictions is very good.
Introduction
The top quark is the heaviest elementary particle discovered so far. Its large mass, in the order of the electroweak breaking scale, forces this particle to decay in about 10 −33 s, a time much shorter of the hadronization time. No top bound states exist: it is the only "bare" quark. Most of its properties are not washed out by the hadronization and are thus experimentally accessible as they are. Top quark events are often a large background in many Beyond the Standard Model scenarios. For this reason, a deep knowledge of its properties and behaviour is of crucial importance in searches for New Physics at the LHC.
The LHC as a top factory
In a typical event in which top quarks are produced, a large number of particles are present in the final state: charged leptons, a neutrino and at least four jets of hadrons, two of which originated from a bottom quark. Experimental apparatuses like ATLAS [1] and CMS [2] are required to reconstruct them with a high resolution in order to select a pure sample of events containing top quarks. According to the Standard Model prediction, in such conditions a top pairs is produced in only one interaction per billion. With a center-of-mass energy of 7 TeV and an average luminosity[3] of 10 33 cm −2 s −1 , during the first half the 2011 data taking the
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Production cross-section
The first test for the Standard Model at 7 TeV is represented by the production rate. Top quarks can be produced either in pairs via strong interaction, or alone via electroweak interaction. The latter can be obtained in three different ways: the leading production is the t-channel, followed by the associated production W t, and finally the s-channel. Theory predicts a cross-section at next-to-leading order (NLO) of σ tt = 165 +11 −16 pb for top pairs [4] , with an uncertainty in the order of 10%. As for the single top production, the theoretical predictions are σ Fig. 1 , left) assuming a top mass of 172.5 GeV. In both cases the uncertainty is of the same order of the theoretical one. 
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Mass
The mass of the top quark has been measured by both the experiments using various techniques. ATLAS made use of a template fit for signal and background. This results was cross-checked using a simultaneous fit of m t and the jet energy scale (JES), which is the largest source of systematic uncertainty. Combining these results with the 2010 data, ATLAS[22] measured m t = 175.9 ± 0.9(stat) ± 2.7(syst). CMS[24] performed a kinematic fit, cross-checked by a simultaneous fit of m t and the JES. Combining this measurement with a kinematic fit in dileptonic events, the final value is m t = 173.4 ± 1.9(stat) ± 2.7(syst) (see Fig. 2 ). The two results are compatible with each other and with the combined Tevatron result [21] , although with a larger uncertainty.
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The mass likelihood
For each event in the sample, a likelihood to observe the event is calculated as a function of the assumed top quark mass, m t . The likelihood contains a term corresponding to the probability The large mass of the top quark can be interpreted as a large coupling to the Higgs boson. A very precise determination of this attribute is not only important per se, but it turns out to constrain very tightly the Higgs mass global fit. At present, Tevatron's measurement is still the world's best, with a precision of about 1 GeV.
It should be pointed out that beyond leading-order Quantum Chromodynamics (QCD) predictions, the top-quark mass value depends on the renormalization scheme. The measurements illustrated so far aim to quantify the parameter that enters into the Monte Carlo simulations. The top-quark mass in these MC generators (mMC) does not correspond to a well-defined renormalization scheme leading to an uncertainty in its definition.
However, it is possible to express the production cross-section as a function of the pole mass of the particle. In the case of interest, the top quark is treated as it was a free particle. 
Flavour-Changing Neutral Currents (FCNC)
In the Standard Model, the top quark decays almost exclusively to a W boson and a b quark. However, many extensions of the SM predicts the existence of vertices in which the flavour is not conserved [30] . In the SM, such vertices are forbidden at tree level and higher-order corrections are very small. ATLAS searched for t → qZ decay in the tt di-leptonic channel and for qg → t in single top lepton+jets channel.
Due to the limited statistics, ATLAS[31] could only set limits to FCNC. Top tri-leptonic decay, if it existed, has a branching ratio B(t → qZ) < 17% at 95% C.L. Anomalous single top production via FCNC must have a σ(qg → t) × BR(t → W b) < 17.3 pb at 95% C.L. In both cases, the measured value is compatible with the SM prediction.
Anomalous / E T production
In some extensions of the Standard Model a top-like particle (T ) can decay to top quarks and weakly interactive massive particles (WIMP A 0 ) such as the supersymmetric neutralino, that leaves no traces in the detector [32] . For this reason, it is interesting to investigate the / E T spectrum to search for anomalous enhancements in the high-end tail of the distribution.
ATLAS[33] set limits to the mass of such new particles: the mass of the top-like particle must be higher than 300 GeV if the mass of the WIMP is less than 10 GeV at 95% C.L., or higher than 275 GeV if the WIMP is lighter than 50 GeV at 95% C.L.
Resonances
Many extensions of the Standard Model predict the existence of high-mass (∼ 1 TeV) particles that decay directly to tt pairs, such as leptophobic topcolor (Z ), Kaluza-Klein gluons (g KK ), gravitons and black holes.
The general experimental strategy is to reconstruct the kinematic of the tt decay and search for resonances in the invariant mass spectrum. Not all the models have been taken in consideration: for instance, Z is used to model narrow peaks [34] ( 1% of the mass of the resonance) and g KK for broad peaks [35] ( 10% of the mass of the resonance). The most stringent limit set by ATLAS [36] was obtained using the sum of / E T and the transverse energies of final
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Frascati Physics Series -Vol. LI state particles in the di-leptonic channel (see Fig. 3, left) . If g KK exist, their mass must be higher than 840 GeV. An analogous search in the lepton+jets channel resulted to be less sensitive. For masses higher than about 1 TeV, the top quarks gain a higher Lorentz boost and thus the angular separation among final state particles becomes narrower. CMS[37] optimized its search strategies to cope with such change of event topology. For intermediate (∼1 TeV) masses, the charged lepton is close to the b-jet and cannot be considered isolated. The limit on the production of leptophobic topcolor Z is σ(Z → tt) < 1 pb for m Z > 1.35 TeV (see Fig. 3 , right).
For even higher masses (>1 TeV) the jets become collimated and a completely different strategy has been devised. Making use of jet clustering algorithm with broader aperture parameter (e.g. the Cambridge-Aachen algorithm with R = 1.0), a pattern is searched in the cluster distribution inside the jet. Such W -and t-tagging algorithms are applied to 2-and 3-jets events to look for boosted tt full-hadronic decays. In this case the production limit set by CMS[38] is σ(Z → tt) < 1 pb for m Z > 1.5 TeV.
Charge Asymmetry
The Standard Model predicts a very small ( 1%) charge-asymmetric production of top pairs due to interference among quark-antiquark vertices at NLO [39] . Recently, Tevatron's CDF and D0 experiments reported a remarkably high ( 40%) asymmetric production [40] [41], with a dependence on the invariant mass of the tt system, more than 3σ away from the SM prediction [42] . Unfortunately, ATLAS and CMS are not able to measure the same observables: the LHC is a 
Conclusions
The LHC proved to be an extraordinary top quark factory, delivering more than 1200 pb −1 of data during the first half of the 2011 pp run. Top quark physics finally entered the precision era at the LHC. Lots of measurements have been performed looking for deviations from the Standard Model predictions, finding none. Using the larger data sample that has been acquired in the second half of 2011 it will be possible to obtain more precise results and set tighter limits to New Physics beyond the Standard Model.
